To define the preliminary embryogenesis culture conditions of Moroccan Cork Oak (Quercus suber L.) in secondary propagation systems, secondary embryos formation from primary embryos were analyzed using seven macronutrient medias: (Chalupa) (BTM), Murashige and Skoog (MS), Schenk and Hildebrant (SH), Schenk and Hildebrant with half content macronutrients (SH ½), full Gamborg (G), Margara (N30K) and Woody Plant Media(WPM). Mature primary embryos at cotyledonal stage of 8 -10 mm, were placed in each culture medium, and supplemented with 30 g/l of glucose and 7 g/l of agar without PGR. The experimental design consisted of a Petri dish containing three embryos explants. Each one of the seven treatments was composed of ten Petri dishes. Mean number of secondary somatic embryos, clusters and new embryogenic formation on clusters were recorded after 8 weeks, and evaluated by statistical analysis. There were no significant differences (p ≤ 0.05) in clusters and new embryos on clusters formation among evaluated media; but mean number of secondary embryos was significantly higher in N30K (4.37 ± 0.48) compared with control media (1.37 ± 0.15). The morphology of secondary embryos grown in the N30K medium exclusively showed the presence of three embryogenic stages: early cotyledonal with translucide aspect, white opaque, or green, and mature embryos. These results indicate that the medium do influence the morphogenic characteristics of produced embryos. Our finding revealed that secondary somatic embryos produced in N30K medium presented better morphogenic potential, with different stages of embryogenic formation.
alone or in combination with NAA was also used successfully in Q. robur [29] . Secondary embryogenesis on culture media without growth regulators has been reported for a number of species including Q. rubra [31] , Q. suber [25] [26] [27] [28] [29] [30] [31] [32] , Q. acutissima [33] and Q. robur [27] [28] [29] .
The effect of culture medium is resulting from all interactions of various elements that compose it [34] . Mineral composition in appropriate culture medium [35] [36] and supplies of sucrose [37] [38] [39] are essential for the full extent balance of in vitro embryo development. Good absorption of water and metabolites nutrient medium is required for such development [37] . Fernández-Guijarro et al. [32] stated that on growth regulator free media, the secondary embryogenesis is influenced by macronutrient composition. Both high and low total nitrogen content decreased the percentage of somatic embryos that expressed secondary embryogenesis [30] .
To confirm these hypotheses on the Moroccan genotypes, we try to test the effect of macronutrients on the secondary somatic embrygenesis regeneration capacity. Our study aims to evaluate the induction of secondary somatic embryogenesis, and plant regeneration of secondary somatic embryos. To do so, the suitable sources of macronutrients and culture conditions to induce proliferating embryogenic cultures of Moroccan Quercus suber L. were used in order to develop efficient in vitro regeneration methods to be applied in genetic transformation experiments of woody plants and in forest biotechnology. To achieve this aim, several factors affecting the proliferation and maturation of SSE, such as the basic formulation of culture medium, were evaluated.
Material and Methods
The initial explants which were isolated; are mature somatic embryos of 8 to10 mm of length at coltyledonary stage. They are taken from embryogenic cultures originally obtained from the leaves of epicormic shoots extracted from selected tree in the Mamora region. The explants were maintained for more than 3 years by recurrent embryogenesis through a series of subculture on a medium without growth regulators according to the protocol referenced in [40] .
Influence of Macronutrients on Secondary Somatic Embryogenesis
To study the influence of macronutrients composition on secondary somatic embryos formation, isolated embryos were grown for 60 days on a culture medium constituted of different macronutrients: MS (Murashige and Skoog, 1962) [41] , SH (Schenk and Hildebrant, 1972) [42] , N 30 K (Margara, 1984) [43] , BTM (Chalupa, 1981) [44] , Woody Plant Medium (Lloyd and McCown; 1981) [45] , SH ½ (including macronutrients were reduced to a half) and full Gamborg et al., (Gamborg, 1968) [46] , culture media were solidified with the agar (Bacteriological agar type E) at 0.8%.
Culture Conditions
The pH was adjusted to 5.8 before autoclaving at 120˚C and 1 atmosphere during 20 min. primary embryos were placed on different media tested in sterile Petri dishes of 90 mm of diameter containing 20 ml of the culture medium and sealed with the Parafilm®. Incubation took place at 25˚C ± 2˚C under a photoperiod of 16 hours (50 pmol m −2 •s −1 cool white fluorescent tubes).
Statistical Analysis
For this experiment, 30 explants of primary somatic embryos were cultured per experimental unit in each of the 7 treatments. All the somatic embryos were homogeneously distributed between treatments. The experiment was repeated three times, thus a total of 630 embryos were cultured. After 8 weeks of culture, the recorded data includes; percentage of explants with secondary SE, number of secondary somatic embryos directly formed on the primary embryos, number of viable clusters, and somatic embryos formed on clusters per explants (primary somatic embryo). The data uploaded to statistical software SPSS 17.0. (1999). One-way analysis of variance (ANOVA) was carried out to determine differences between the treatments that produced cotyledonary somatic embryos. Multiple comparisons were made using Duncans post-hoc test (p ≤ 0.05).
Results
The results showed that on all investigated media, cork oak primary somatic embryos produced a large number of secondary embryos, which emerged all around the hypocotyl of the embryo axis but not on the cotyledons. The cotyledons were at first translucent (Figure 2(A) ), then became white opaque (Figure 2(B) ), and later, green (Figure 2(C) ). The presence of more than two cotyledons per embryo was common, and cotyledons often exhibit a fuzzy morphology, but secondary embryo formation was not evident only after the first week of culture. However, in long-term culture, especially after 60 days, secondary embryos increase the size. On the surface of the cotyledons, the formation of embryonic outgrowths and/or occasionally the development of soft nodular masses (Figure 2) were observed.
Somatic embryos were grown in culture media formed by different composition of macronutrients. Significant differences were observed between different treatments in term of secondary embryos regeneration ( Table  1) . The highest rate of secondary embryogenesis (4.37 ± 0.48 of secondary embryos regenerated per primary explants) was recorded in the case of N 30 K medium, followed by G, BTM, MS and HS with a mean of (4.37 ± 0.71; 3.96 ± 0.36; 3.79 ± 0.34 and 3.16 ± 0.38) respectively (Table 1, Figure 1 ). The lowest rate was observed Number of secondary SE / primary SE in a culture medium containing the WPM (1.91 ± 0.21) and the control medium SH ½ (1.37 ± 0.15), this last result is in agreement with the study realized by Mauri et al. [16] . Concerning the formation of clusters, among the seven solutions of macronutrients tested, BTM medium gives the best results (0.70 ± 0.08) ( Table 1 ) and the WPM give low results (0.29 ± 0.03) in comparison with control medium (0.41 ± 0.04) (Figure 3) .
Data were also recorded for small newly formed embryos on these clusters, they are newly formed cellular formations that tend to differentiate and proliferate into future embryos. The presence of these embryos in the culture medium indicates that the embryos have a starting regenerative capacity that will give even more secondary embryos through the process of secondary somatic embryogenesis. In our case we observed that the N 30 K environment has a significant influence on the formation of secondary somatic embryos on the clusters (1.62 ± 0.19) (0.58 ± 0.07 for the control medium). Figure 4 The analysis of the mineral composition of the 7 solutions tested showed that the mineral solution of N 30 K (Margara, 1984) [43] is nitrogen-rich (30 mEql/l) which is consists of two-thirds in NO 3 − and potassium (15 mEql/l) ( Table 2 and Table 3 ). This medium is also characterized by a high content of 
Discussion
The results showed very different reactions on the behavior of primary somatic embryos following the proliferation media used. These have significantly affected the embryogenesis of secondary embryos, clusters and newly formed embryos. Indeed, for the proliferation of secondary embryos, N 30 K medium proved generally to be more reactive with an average of 4.37 embryos per primary embryo. This is consistent with the result reported by Péjuiliaro et al., [21] who showed that immature embryos of Quercus suber are longer and have swollen cotyledons when they are grown in a medium rich in nitrogen than those grown in nitrogen-free medium. It showed also that this contribution has a significant influence on the induction of secondary somatic embryogenesis.
McCown & Sellmer [47] confirmed that the level of total nitrogen must be present in the culture medium. According to our results, the nitrogen level is satisfied in N 30 K medium for the embryogenic induction. This is confirmed by Margara [43] who reported that the use of a solution enriched in Mn, Zn and Bo is generally promoting organogenesis.
However, BTM, MS, SH and G media provide acceptable results in terms of secondary embryogenesis induction but the efficiency remains generally not better than N 30 K medium. Furthermore, Pinto et al., [18] reported that G medium give excellent results for the proliferation of globular secondary embryos but does not support the following stages of somatic embryogenesis process. Against MS showed a significant response for both the formation of embryos and maturation stage.
The use of other media tested as BTM, WPM and SH ½ can reduce the growth of secondary embryos, in some cases it can cause the necrosis (photo 1). This result confirms those obtained by Brhadda et al., [34] concerning the growth of olive shoot ( Figure 5 and Figure 6 ).
MS medium is particularly rich in ammonium nitrate. This excess in ammonium (compared with other media tested) can be detrimental for the induction of secondary somatic embryogenesis. Similarly, McCown et al. [48] found that Salix babylonica (Linnaeus) microcuttings cultured on MS medium offered a hypolignifications aspect. According to this author, this pathological aspect could be due to the high concentration of ammonium.
For SH medium, Mauri [16] showed that reducing by half the concentration of the medium was effective for both somatic embryo maturation and reducing the frequency of secondary embryogenesis, the latter result is well illustrated in our case. N 30 K solution characterized by an average total nitrogen content, a predominance of Ca 2+ and low Mg 2++ and 4 SO − , gave satisfactory results in terms of secondary embryogenesis regeneration. Based on these results, the N 30 K medium was more beneficial than the HS and MS medium for somatic embryogenesis of Moroccan cork oak. However, the literature show that our results cannot be generalized to the wholes genotypes of cork oak: Valladares et al., [7] adopted the MS medium for somatic embryogenesis of Spanish cork oak, Hernandez [41] and Fernández-Guijarro et al., [32] showed that the SH medium allowed better growth of secondary embryos. Bueno et al., [26] and Pintos et al., [6] used the Sommer medium in their experiment. These results indicate that the genetic factor plays an important role in the choice of the culture medium to use, which requires adaptation of the medium mineral composition for cultivar multiplication. This difference may be related to the nutritional requirements which vary depending on the genotype.
Conclusions
This work has focused on the study of macronutrients effect on the process of secondary somatic embryogenesis of Moroccan cork oak (Quercus suber L.). Six macronutrients were tested through recognized Experimental protocols.
Results showed that the N30K medium is most suitable for the induction of secondary somatic embryogenesis of Moroccan cork oak (Quercus suber L.), followed respectively by the G, BTM, MS and HS mediums. For each medium tested, the averages of the number of secondary somatic embryos formed per primary embryo were respectively 4.37 (N30K), 4.33 (G), 3.96 (BTM), 3.79 (MS) and 3.16 (SH). WPM medium proved to be the least effective one.
Although secondary embryogenesis can be an efficient process of somatic embryo multiplication, it also seems to hamper embryos germination. Therefore, several studies should be carried out to succeed the germination and acclimatization phases which constitute the overall goal of cork oak cloning through the somatic embryogenesis.
